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(54) DATA SIGNAL PHASE COMPARATOR CIRCUIT 

(57) Abstract: 

PURPOSE: To prevent a DC level of an output waveform 
from being largely fluctuated by a code pattern even 
when mutual phase comparison of digital code signals is 
implemented. 

CONSTITUTION: An input signal fed to an Input terminal 
1 is delayed by a delay circuit 25 and a phase 
difference of the delay signal delayed at the delay 
circuit 25 and a phase of the input signal applied to an 
Input temninal 3 are compared by a 1st phase comparator 
section 41 and a phase difference of its output and a 
phase of the input signal fed to the input terminal 1 
are compared by a 2nd phase comparator section. 42. 
Thus, a phase difference component generated in the 1st 
phase comparator section 41 and depending on the 
pattern of the input signal is cancelled in the 2nd 
phase comparator section 42. 
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English Translation of Japanese Patent Application 

NO. 5-56410 

[Document Name] 

Specification 
[Title of the Invention] 

DATA SIGNAL PHASE COMPARATIVE CIRCUIT 
[Claims ] 

1. A data signal phase comparative circuit 
comprising: 

a delay circuit having two input terminals which delay an input 
signal applied to one of these two input terminals; 

a first phase comparative part which outputs a phase 
difference between a delay signal delayed by this delay circuit 
and an input signal applied to the other one of the two input 
terminals; and 

a second phase comparative part which outputs a phase 
difference between an output of this first phase comparative 
part and an input signal applied to one of the two input 
terminals . 

2. A data signal phase comparative circuit, 
wherein base terminals of first and second transistors are made 
into a first pair of input signal terminals; 

respective emitter terminals thereof are connected in 
common; 

each of collector terminals thereof is connected to a high 
electric potential power supply terminal through first and 
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second impedance; 

a base terminal of a third transistor is connected to a 
base terminal of the second transistor; 

a collector terminal thereof is connected to the high 
electric potential power supply terminal through the first 
impedance; 

an emitter terminal thereof is connected to an emitter 
terminal of a fourth transistor; 

a base terminal of this forth transistor is connected to 
the base terminal of the first transistor; 

a collector terminal thereof is connected to the high 
electric potential power supply terminal through the second 
impedance; 

base terminals of fifth and sixth transistors are made 
into a second pair of input signal terminals; 

each of emitter terminals thereof is connected to a low 
electric potential power supply terminal through a first 
constant current circuit; 

a collector terminal of the fifth transistor is connected 
to the emitter terminal of the first transistor; 

a collector terminal of the sixth transistor is connected 
to the emitter terminal of the third transistor; 

a base terminal of a seventh transistor is connected to 
the base terminal of the second transistor through a delay 
circuit; 

a collector terminal thereof is connected to the emitter 
terminal of the first transistor; 
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an emitter terminal thereof is connected to the low 
electric potential power supply terminal through a second 
constant current circuit; 

a base terminal of an eighth transistor is connected to 
the base terminal of the first transistor through the delay 
circuit; 

an emitter terminal thereof is connected to the low 
electric potential power supply terminal through the second 
constant current circuit; 

a collector terminal thereof is connected to the emitter 
terminal of the third transistor; and 

respective collector terminals of the third and fourth 
transistors are made into a pair of output signal terminals. 

3. A data signal phase comparative circuit according 
to claim 2, 

wherein the emitter terminal of the seventh transistor 
is connected to the low electric potential power supply terminal 
through the second constant current circuit; 

the emitter terminal of the eighth transistor is 
connected to the low electric potential power supply terminal 
through the third constant current circuit; and 

a third impedance element is connected between the 
seventh and eighth transistors. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FILED TO WHICH THE INVENTION PERTAINS] 

The present invention provides a data signal phase 
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comparative circuit capable of obtaining a stable phase 
difference output without heavily depending on a code pattern 
of the data even in the case that not only a conventional repeat 
signal such as a sine wave or the like is used as a phase 
comparative circuit but also a digital code that does not take 
a repeat pattern is used as an input signal. 
[0002] 
[PRIOR ART] 

A phase comparative circuit detects a phase difference 
between two signals and outputs its result. The phase 
comparative circuit has been widely used as a control circuit 
for synchronizing the phases. Particularly, in a data 
transmission system, the phase comparative circuit is used as 
a phase synchronization circuit for identifying the data and 
extracting a timing signal (a clock signal) , so that the 
operation with a high degree of accuracy is required. 
Alternatively, a constitution has been desired such that a phase 
comparison is performed not only with respect to a repeat signal 
but also the phase comparative output with a high degree of 
accuracy can be obtained with respect to the random data signals 
having different mark rates. 
[0003] 

FIG. 8 shows a conventional phase comparative circuit, 
which has been generally used in a wide range. In FIG. 8, 
reference numerals 1 and 2 denote input terminals for a signal 
for a differential mode, reference numerals 3 and 4 also denote 
input terminals of a signal for a differential mode, reference 
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numerals 5 and 6 denote output terminals of a differential 
output signal, a reference numeral 7 denotes a high electric 
potential power supply terminal, a reference numeral 8 denotes 
a low electric potential power supply terminal, reference 
numerals 11 to 16 denote transistors, reference numerals 21 and 
22 denote resistances and a reference numeral 23 denotes a 
constant current circuit. The present circuit detects a phase 
difference between a signal applied between the input terminals 
1 and 2 and a signal applied between the input terminals 3 and 
4 and obtains its result from the output terminals 5 and 6. 
Alternatively, reference numerals Rl and R2 denote resistances 
and reference numerals Vcc and Vee denote power supply voltages . 
[0004] 

FIG. 9 shows a circuit simulation result for explaining 
the operation of a conventional circuit of FIG. 8. Three 
characteristic diagrams of FIG. 9 (a) to FIG.^ 9 (c) show the 
operational wave forms of respective parts. In FIG. 9 (a) to 
FIG. 9 (c) , a lateral axis represent time (ns) and a longitudinal 
axis represents a voltage (v) , respectively. At first, FIG. 
9 (a) shows the operational wave forms when two signals having 
the same phases are inputted as an input signal. In FIG. 9 (a) , 
reference numerals 31 and 32 represent voltage wave forms at 
the input terminals 1 and 2 in FIG. 8, reference numerals 33a 
and 34a represent voltage wave forms at the input terminals 3 
and 4 in FIG. 8, a reference numeral 35a denotes a wave form 
of a difference voltage between the output terminals 5 and 5 
and a reference numeral 36a denotes a direct current level of 
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the wave form 35a. FIG. 9 (b) shows the operational wave forms 
when two signals having the phase difference of 90 degrees are 
inputted as an input signal. In FIG. 9 (b) , reference numerals 

31 and 32 represent voltage wave forms at the input terminals 
1 and 2 in FIG. 8, reference numerals 33b and 34b represent 
voltage wave forms at the input terminals 3 and 4 in FIG. 8, 
a reference numeral 35b denotes a wave form of a difference 
voltage between the output terminals 5 and 6 and a reference 
numeral 36b denotes a direct current level of the wave form 35b. 
FIG. 9 (c) shows the operational wave forms when two signals 
having the phase difference of 180 degrees are inputted as an 
input signal. In FIG. 9 (c), reference numerals 31 and 32 
represent voltage wave forms at the input terminals 1 and 2 in 
FIG. 8, reference numerals 33c and 34c represent voltage wave 
forms at the input terminals 3 and 4 in FIG. 8, a reference 
numeral 35c denotes a wave form of a difference voltage between 
the output terminals 5 and 6 and a reference numeral 36c denotes 
a direct current level of the wave form 35c. 

[0005] 

With reference to FIG. 9, the operation of the 
conventional circuit will be explained below . As shown in FIG. 
9(a), in the case that a signal of the same phase is inputted 
as an input signal (namely, 31 and 33a are the same phases and 

32 and 34a are the same phases) , at first, if the input terminals 
1 and 3 are in a high level condition in the drawing, the 
transistors 11 and 12 are turned on and the current flows to 
the resistance 21. As a result, the output terminal 5 is in a 
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low level condition and the input terminal 6 in a high level 
condition. Accordingly, the differential voltage obtained by 
subtracting the voltage of the output terminal 6 from the 
voltage of the output terminal 5 is in a low level as shown in 
the wave form 35a. If the electric potential of the input 
terminals 1 and 3 changes to a low level (i.e., changes at the 
same phase) , the transistors 13 and 16 are turned on, so that 
the output terminal 5 is maintained to be in a low level and 
the output terminal 6 is maintained to be in a high level, 
respectively. 
[0006] 

On the contrary, as. shown in FIG. 9(b) , a case that the 
electric potential of the input terminal 3 changes to the low 
level after the electric potential of the input terminal 1 
changes to the low level is as follows. At first, if the 
electric potential of the input terminal 1 changes to the low 
level, the transistor 12 is turned on, so that the conditions 
of the output terminals 5 and 6 are reversed. After that, if 
the electric potential of the input terminal 3 changes to the 
low level, the transistors 13 and 16 turned on, so that the 
outputs are reversed again. In the case that the phase 
difference between two input signals is 90 degrees, as shown 
in FIG. 9(b) , it is possible to obtain the repeat signals twice 
as many as the input signals. Alternatively, with respect to 
an arbitrary difference, a ratio of time occupying a high level 
and a low level of an output wave form is changed in response 
to the phase difference. 
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[0007] 

In FIG. 9 (c) / in the case that a signal having a reverse 
phase is inputted as an input signal (31 and 33c have reversed 
phases and 32 and 34c have reversed phases, respectively) , when 
the input terminal is in a high level condition and the input 
terminal 3 is in a low level condition in FIG. 8, the transistors 
14 and 16 are turned on, so that the current flows into the 
registance 22, the output terminal 5 is in a high level condition 
and the output terminal 6 is in- a low level condition. If the 
electric potential of the input terminals 1 and 3 are 
simultaneously reversed (i.e., change at the reversed phase) 
from this condition, the transistors 12 and 15 are turned on, 
so that the output terminal 5 is maintained to be in a high level 
condition and the output terminal 6 is maintained to be in a 
low level condition, 
[0008] 

As described above, a conventional phase comparative 
circuit generates different output wave forms in response to 
the phase difference between two signals to be inputted, so that 
it is possible to know the phase difference between the input 
signals from the output wave form. Alternatively, if a low pass 
filter is added to the output of the present phase comparative 
circuit, it is generally possible to extract a direct current 
component in response to the phase differences as shown in 36a 
to 36c. Therefore, it is often the case that this direct current 
signal is used as a phase difference signal. 
[0009] 
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However, according to the conventional circuit in FIG. 
8, there is a problem such that, in the case that a digital code 
data signal is used as an input signal, a direct current level 
of an output wave form is extremely changed in response to a 
data pattern in addition to the phase difference. 
[0010] 

FIG. 10 shows a circuit simulation result of the 
operational wave forms when a repeat signal of 1, 0, 0, 0, in 
which the zero continuous data is added to the repeat signal 
of 1, 0 shown in FIG. 9, is inputted. Respective wave form 
properties provided with marks of ' " are described in 
association with the case of FIG. 9. As shown from the output 
wave forms in FIG. 10 (a), FIG. 10 (b) and FIG. 10 (c) (namely, 
35a' to 35c' ) , during a period that the same codes are continuing 
{namely, during a period that zero is continuing three times) , 
the output level is fixed, so that the direct current levels 
represented by 36a' to 36c' are largely displaced from those 
represented by 36a to 36c in FIG. 9. 
[0011] 

FIG. 11 shows a relation between the phase difference and 
the average direct current level of a phase comparative output 
of two input signals. As shown from this drawing, it is found 
that the direct current level extremely changes in accordance 
with increasing of the number that the same codes are continuing. 
Even if the input signals have the same phase difference, the 
direct current levels of the output of them vary depending on 
a data pattern. 
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[0012] 

FIG. 12 shows a conventional identification/ timing 
signal extraction constitutional embodiment for a data 
transmission system, which constitutes a phase synchronization 
circuit by comparing the data with each other. In FIG. 12, a 
reference numeral 51 denotes an input data signal terminal, a 
reference numeral 52 denotes an output signal terminal, a 
reference niomeral 53 denotes a timing signal (clock signal) 
output terminal, a reference numeral 54 denotes an 
identification, circuit for deciding a logical condition (1, 0) 
of the data, a reference numeral 55 denotes a phase comparative 
circuit, a reference numeral 56 denotes a low pass filter (LPF: 
low pass filter) and a reference numeral 57 denotes a voltage 
control oscillation circuit (VCO) . The present circuit 
extracts a clock frequency signal, determines the logical 
condition of the data by the use of this clock signal and outputs 
its result. This operation will be described below. At first, 
the phase comparative circuit 55 measures the phase difference 
between the input/output data of the identification circuit 54 
and the LPF 56 converts the oscillation frequency of the VCO 
57 into a control voltage and then, the present circuit 
automatically controls the oscillation frequency of the VCO 57 
by negative feedback so that the phase difference between the 
input/output data of the identification circuit 54 becomes 
constant. Hereby, it becomes possible to extract the optimum 
clock signal and obtain the identification and reproduction 
operation with respect to the input data from the input/output 
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signal data simultaneously. 
[0013] 

[TASK TO BE SOLVED BY THE INVENTION] 

However, if a conventional phase difference comparative 
circuit shown in FIG. 8 is used, the outputs of the phase 
comparative circuit 55 vary depending on the input data pattern 
even if the phase differences are the same. Particularly, in 
a system having a probability of generating the large same code 
continuation, the variable amount becomes large. According to 
the circumstance, the phase synchronization condition is 
displaced, so that a bit error is generated. 
[0014] 

Therefore, the conventional phase difference comparative 
circuit involves a problem such that, if the conventional 
circuit of FIG. 8 is used as a phase comparative circuit for 
comparing the phase between the digital code data each other, 
it is not possible to obtain the stable phase comparative output 
in a system having a probability of generating the large same 
code continuation . 
[0015] 

Therefore, an object of the present invention is to 
provide a data signal phase comparative circuit, in which a 
direct current level of an output wave form does not largely 
vary depending on a code pattern even if the phase comparative 
operation is carried out between the digital code signals each 
other - 
[0016] 



[SOLUTION FOR THE TASK] 

A data signal phase comparative circuit according to the 
present invention comprises a data signal phase comparative 
circuit comprising: a delay circuit having two input terminals 
which delay an input signal applied to one of these two input 
terminals; a first phase comparative part which outputs a phase 
difference between a delay signal delayed by this delay circuit, 
and an input signal applied to other one of the two input 
terminals; and a second phase comparative part which outputs 
a phase difference between an output of this first phase 
comparative part and an input signal applied to one of the two 
input terminals. 
[0017] 

Further, according to a constitution of a circuit, base 
terminals of first and second transistors are made into a first 
pair of input signal terminals; respective emitter terminals 
thereof are connected in common; each of collector terminals 
thereof is connected to a high electric potential power supply 
terminal through first and second impedance; a base terminal 
of a third transistor is connected to a base terminal of the 
second transistor; a collector terminal thereof is connected 
to the high electric potential power supply terminal through 
the first impedance; an emitter terminal thereof is connected 
to an emitter terminal of a fourth transistor; a base terminal 
of this forth transistor is connected to the base terminal of 
the first transistor; a collector terminal thereof is connected 
to the high electric potential power supply terminal through 
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the second impedance; base terminals of fifth and sixth 
transistors are made into a second pair of input signal 
terminals; each of emitter terminals thereof is connected to 
a low electric potential power supply terminal through a first 
constant current circuit; a collector terminal of the fifth 
transistor is connected to the emitter terminal of the first 
transistor; a collector terminal of the sixth transistor is 
connected to the emitter terminal of the third transistor; a 
base terminal of a seventh transistor is connected to the base 
terminal of the second transistor through a delay circuit; a 
collector terminal thereof is connected to the emitter terminal 
of the first transistor; an emitter terminal thereof is 
connected to the low electric potential power supply terminal 
through a second constant current circuit; a base terminal of 
an eighth transistor is connected to the base terminal of the 
first transistor through the delay circuit; an emitter thereof 
terminal is connected to the low electric potential power supply 
terminal through the second constant current circuit; a 
collector terminal thereof is connected to the emitter terminal 
of the third transistor; and respective collector terminals of 
the third and fourth transistors are made into a pair of output 
signal terminals. 
[0018] 

Further, the emitter terminal of the seventh transistor 
is connected to the low electric potential power supply terminal 
through the second constant current circuit; the emitter 
terminal of the eighth transistor is connected to the low 
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electric potential power supply terminal through the third 
constant current circuit; and a third impedance element is 
connected between the seventh and eighth transistors. 
[0019] 
[OPERATION] 

According to the present invention, the phase difference 
component to be outputted depending on a pattern of an input 
signal, which is generated in a first phase comparative part, 
is cancelled by the phase comparative operation at a second 
phase comparative part, so that it is possible to obtain an 
output which does not depend on a data pattern of the input signal 
as a final output. 
[0020] 

Alternatively, according to a circuit constitution of the 
present invention, the phase difference between an input signal 
to be applied between the first input signal terminal pair and 
an input signal to be applied between the second input signal 
terminal pair is detected and its result is obtained at the 
output terminal . 
[0021] 

[MODE FOR CARRYING OUT THE INVENTION] 

FIG. 1 shows an embodiment according to the present 
invention. In FIG. 1, reference nixmerals 1 and 3 denote input 
terminals, respectively, a reference numeral 5 denotes an 
output terminal and reference numerals 41 and 42 denote first 
and second phase comparative parts by the use of a conventional 
phase comparative circuit as shown in FIG. 8. According to the 
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operation of this data signal phase comparative circuit, a first 
phase comparative part 41 compares the phase of a fixed delay- 
signal of the input signal, which is inputted in the input 
terminal 1, with the phase of the input signal, which is inputted 
in the input terminal 3, and then, a second phase comparative 
part 42 compares the phase of the output of this first phase 
comparative part 41 with the phase of the input signal, which 
is inputted in the input terminal 1, so that the phase difference 
between the input terminals 1 and 3 not depending on a data 
pattern of the. input signal as an output. 
[0022] 

According to its principle, defining that the signals of 
the input terminals 1 and 3 are Via and Vib, respectively and 
the output of a delay circuit 25, at first, a phase output <l> 

(Vol) of the first phase comparative part 41 is represented as 
follows . 

[0023] 

[A mathematical expression 1] 

0 (Vol) =0 (Vib) - (t> (Vic) + (t> (Vs) ... (1) 
In this case, a function of 0 represents a phase component 
of a signal, a function of 0 (Vs) represents a phase component 
to be outputted depending on an input signal data pattern, which 
was explained with reference to a conventional circuit in FIG. 
8. Then, if an output of the second phase comparative part 42 
is defined as 0 {Vo2), (t> (Vo2) is represented as follows. 
[0024] 

[A mathematical expression 2] 
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<t> (Vo2) = <t> (Via) - (I) (Vol) + 0 (Vs) 

= (t> (Via) - (t> (Vib) + (t> (Vic) - (t> (Vs) +0 (Vs) 
= ( 0 (Via) - <f) (Vib)) + 0 (Vic) ... (2) 
In this case, a phase difference component 4> (Vs) to be 
outputted depending on a data pattern of an input signal is 
cancelled by the second phase comparative operation, so that 
an output not depending on a data pattern of an input signal 
is obtained as a final output in the phase comparison. 
Alternatively, although a fixed phase delay amount 0 (Vic) is 
positive, there is no problem since this fixed phase delay 
amount 0 (Vic) does not depend on a data pattern. 
[0025] 

FIG. 2 is a more specific embodiment according to the 
present invention. In FIG. 2, reference numeral 1 and 2 denote 
input terminals of a signal for a differential mode and the input 
terminals 1 and 2 constitute a first input signal terminal pair. 
Reference niomerals 3 and 4 also denote input terminals of a 
signal for a differential mode and the input terminals 3 and 
4 constitute a second input signal terminal pair. Reference 
numerals 5 and 6 denote output terminals of a signal for a 
differential mode, a reference numeral 7 denotes a high electric 
potential power supply terminal, a reference numeral 8 denotes 
a low electric potential power supply terminal, reference 
numerals 11 to 18 denote first to eighth transistors, reference 
numerals 21 and 22 denote first and second resistances, 
reference numerals 23 and 24 denote first and second constant, 
current circuits, a reference numeral 25 denotes a delay circuit 
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and a reference numeral 28 denotes a level shift circuit. In 
the following explanation, a first, a second ... or the like are 
not attached. 
[0026] 

A circuit shown in FIG. 2 detects the phase difference 
between the input signal of an input signal to be applied between 
the input terminals 1 and 2 and the input signal to be applied 
between the input terminals 3 and 4 and obtains its result from 
the output terminals 5 and 6. A constitution shown in FIG. 2 
illustrates a constitution shown in FIG. 1, which was described 
above, more specifically and more simply. A conventional 
function for the phase comparison can be substituted for a 
conventional simple differential amplification circuit in 
addition to the conventional circuit. Therefore, in FIG. 1, 
substituting the function of the first phase comparative part 
41 for the function of the differential circuit, the circuit 
of FIG. 2 is constituted on the basis of the constitution shown 
in FIG. 1. 
[0027] 

In FIG. 2, the phase comparison function due to this 
differential operation is realized in such a manner that the 
output of the differential circuit constituted by the 
transistors 15 and 16 and the output of the differential circuit 
constituted by the transistors 17 and 18 are connected to a 
common emitter terminal of the transistors 11 and 12 and a common 
emitter terminal of the transistors 13 and 14 so that the output 
of the differential circuit constituted by the transistors 15 
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and 16 and the output of the differential circuit constituted 
by the transistors 17 and 18 are subtracted from each other. 
[0028] 

The present circuit is specifically different from the 
conventional circuit shown in FIG. 8 in that the transistors 
17 and 18, the constant current circuit 24, the level shift 
circuit 28 and the delay circuit 25 are added. Alternatively, 
the present circuit can be considered as a constitution of 
combining two phase comparative parts A and B, namely, a phase 
comparative part A as same as the conventional phase comparative 
part, which is constituted of the transistors 11, 12, 13, 14, 
15, 16, and a phase comparative part B of the phase comparative 
part 42, which is constituted of the transistors 11, 12, 13, 
14, 17, 18. Although the operation thereof can be explained 
in the same way as the operation shown in FIG. 1, it will be 
explained as follows in contrast to the. conventional 
constitution shown in FIG. 8 as the combining operation of two 
phase comparative parts 41 and 42. 
[0029] 

At first, only considering the operation of the phase 
comparative part A, this operation is the same as that in the 
conventional constitution in FIG. 8, so that the phase 
comparative part A performs the same operation as that of the 
conventional circuit. In other words, if the digital code data 
having different phase differences are inputted in two input 
terminals, the sum of the phase difference component of two 
input signals and the level variation component in association 
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with the number of the code continuation is outputted between 
the output terminals 5 and 6 as their outputs as already 
explained in the operation of the conventional circuit. When 
the phase difference component is defined as 0 (Vp) and the 
number of the code continuation is (t) (Vs) , an output <l> (Voa) 
is represented as follows. 
[0030] 

[A mathematical expression 3] 

0 (Voa) = (t> (Vp) + (t> (Vs) ... (3) 

[0031] 

On the other hand, according to the operation of the phase 
comparative part B, the input signals between the input 
terminals 1 and 2 are connected between base terminals of the 
transistors 11, 14 and the transistors 12, 13 as one input 
terminal. Further, a signal between the input terminals 1 and 
2 is inputted in the transistors 17 and 18, which is other input 
terminal pair, through the level shift circuit 28 and the delay 
circuit 25. Therefore, as the output, the sum of the phase delay 
component by the delay circuit 25 and the level variation 
component in association with the number of the code 
continuation is outputted between the output terminals 5 and 
6. When a phase difference component, which is generated by 
the delay circuit 25, is defined as (t> (Vd) , the level variation 
component in association with the number of the code 
continuation is the same as that of the phase comparative part 
A . Therefore, its output 0 (Vob) is represented as follows. 
[0032] 
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[A mathematical expression 4] 

0 (Voa) = (t) (Vp) + (t> (Vs) ... (4) 

[0033] 

In this case, the comparative part B is constituted so 
that the wave forms of the input signals are superimposed at 
a reversed phase to be subtracted with each other. Therefore, 
the entire output <!> (Vo) of the circuit is represented as 
follows by the mathematical expressions (3) and (4) . 
[0034] 

[A mathematical expression 5] 

4) (Vo) = <t> (Voa) - it> (Vob) 
= <f) (Vp) - (l> (Vd)... (5) 

As shown from the mathematical expression (5), as the 
output in the embodiment shown in FIG. 2, the phase difference 
<t> (Vp) - <l> (Vd) is only obtained as an output on the basis of 
the phase difference component <f) (Vd) due to the delay circuit 
25 and the level variation component (Vs) in association with 
the niimber of the code continuation is cancelled. 
[0035] 

FIG. 3 shows a circuit simulation result of the embodiment 
shown in FIG. 2. In FIG. 3, three characteristic diagrams FIG. 
3 (a) to FIG. 3 (c) show the operation wave forms of respective 
parts. In FIG. 3 (a) to FIG. 3 (c) , a lateral axis represent 
time and a longitudinal axis represents a voltage, respectively. 
As same as the conventional circuit shown in FIG. 9, at first, 
FIG. 3 (a) shows the operational wave forms when two signals 
having the same phases are inputted as an input signal. In FIG. 
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3 (a) , reference numerals 31 and 32 represent voltage wave forms 
at the input terminals 1 and 2, reference numerals 33a and 34a 
represent voltage wave forms at the input terminals 3 and 4, 
a reference numeral 37a denotes a wave form of a difference 
voltage between the output terminals 5 and 6 and a reference 
numeral 38a denotes a direct current level of the wave form 37a. 
FIG. 9 (b) shows the operational wave forms when two signals 
having the phase difference of 90 degrees are inputted as an 
input signal. In FIG. 9 (b) , reference numerals 31 and 32 
represent voltage wave forms at the input terminals 1 and 2, 
reference niimerals 33b and 34b represent voltage wave. forms at 
the input terminals 3 and 4, a reference numeral 37b denotes 
a wave form of a difference voltage between the output terminals 
5 and 6 and a reference numeral 38b denotes a direct current 
level of the wave form 37b. FIG. 3 (c) shows the operational 
wave forms when two signals having the phase difference of 180 
degrees are inputted as an input signal. In FIG. 9 (c) , 
reference numerals 31 and 32 represent voltage wave forms at 
the input terminals 1 and 2, reference numerals 33c and 34c 
represent voltage wave forms at the input terminals 3 and 4, 
a reference numeral 37c denotes a wave form of a difference 
voltage between the output terminals 5 and 6 and a reference 
numeral 38c denotes a direct current level of the wave form 37c. 
In this simulation, as the phase difference between the 
input/output terminals of the delay circuit 25, 90 degrees are 
assumed. Accordingly, as described above, it is perceived that 
the output of the wave form 37 (a) in the characteristic diagram 
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FIG. 3(a) is the composition of two phase comparative parts A 
and B, so that the difference of the output between the output 
of 35a in FIG. 9 (a) and the output of 35b in FIG. 9 (b) in the 
simulation property in FIG. 9 of the conventional circuit is 
obtained. Since the output property of 37b in FIG. 8 (b) is 
the difference between the phases of 90 degrees each other, so 
that it is found that a constant direct current level has been 
outputted. According to the output properties of 37c in FIG. 
3 (c) , it is found that the difference between the output of 
35c in FIG. 9 (c) and the output of 35b in FIG. 9 (b) in the 
simulation property of the conventional circuit is obtained. 
In this way, according to the embodiment shown in FIG. 2, the 
phase comparative operation is carried out on the basis of the 
phase delay of the delay circuit 25. 
[0036] 

Further, FIG. 4 shows a circuit simulation result of the 
operational wave forms when a repeat signal of 1, 0, 0, 0, in 
which the zero continuous data is added to the repeat signal 
of 1, 0 shown in FIG. 3, is inputted. Respective wave form 
properties provided with marks of ' are described in 
association with the case of FIG. 3. As shown from the output 
wave forms in FIG. 4 (a), FIG. 4 (b) and FIG. 4 (c) (namely, 
38a' to 38c' ) , even during a period that the same codes are 
continuing (namely, during a period that zero is continuing 
three times) , the direct current levels represented by 35a' to 
36c' are substantially the same as those in FIG. 3 (namely, in 
the same phase, it shows the same direct current level 
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completely independently of the code) , so that the direct 
current levels are not largely displaced by the code as the 
conventional circuit which has been already described. 
[0037] 

FIG. 5 shows a relation between the phase difference and 
the average direct current level of a phase comparative output 
of two input signals. As shown from this drawing, it is found 
that a constant direct level is outputted without reference to 
the code at a reference phase (in FIG. 3, 90 degrees) and even 
in a range where, the phase is displaced from the reference phase, 
as shown from the comparison with FIG. 11, the displacement of 
the output level is small. 
[0038] 

As described, according to the embodiment shown in FIG. 
2, even if the digital code signals are used as the input signals 
of the phase comparative parts 41 and 42, it is possible to a 
stable phase comparative output independently of the code. 
Alternatively, according to the embodiment shown in FIG. 2, the 
level shift circuit 28 may be omitted depending on the 
constitution of a circuit, for example, in the case that it is 
constituted by the use of the MOS transistor or the like. 
Additionally, even if the positional relation between the level 
shift circuit 28 and the delay circuit 25 in connection is 
changed, the operational principle is not changed. Further, 
the present embodiment has an advantage such that the smaller 
number of the elements are required compared to the case that 
the constitution shown in FIG. 1 is realized by the combination 
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of the conventional phase comparative circuits shown in FIG. 
8, so that the present embodiment is suitable for downsizing 
the circuit, obtaining high reliability and decreasing electric 
power consumption. 
[0039] 

FIG. 6 further shows other embodiment according to the 
present invention. In FIG. S, reference numerals 1 and 2 denote 
input terminals for a signal for a differential mode, reference 
numerals 3 and 4 also denote input terminals of a signal for 
a differential .mode, reference numerals 5 and 6 denote output 
terminals of a differential output signal, a reference numeral 
7 denotes a high electric potential power supply terminal, a 
reference numeral 8 denotes a low electric potential power 
supply terminal, reference numerals 11 to 18 denote first to 
eighth transistors, reference numerals 21 and 22 denote first 
and second resistances, reference numerals 23, 24 and 26 denote 
first to third constant current circuits, a reference numerals 
27 denotes a capacity and a reference numerals 28 denotes a level 
shift circuit. The circuit shown in FIG. 6 is different from 
the circuit according to the embodiment shown in FIG. 2 in that 
the delay of 90 degrees is realized as the delay circuit by adding 
the capacity 27 between the emitters of the transistors 17 and 
18. The operation of the present circuit is the same as that 
of the embodiment shown in FIG. 2, however, the reference delay 
signal is realized by delaying the current reciprocation of the 
collectors of respective transistors by 90 degrees due to the 
capacity 27 with respect to the input signals at a base terminal 
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of the transistors 17 and 18. As the operational property, 
according to the same principle as that of the embodiment shown 
in FIG. 2, the same property can be obtained as that of the 
embodiment shown in FIG. 2. The embodiment shown in FIG. 6 is 
a constitution such that a very simple delay circuit is provided 
to the embodiment shown in FIG. 2. Compared to the case such 
that a general delay circuit is used independently, the present 
embodiment has an advantage such that it is suitable for 
downsizing the circuit, obtaining high reliability and 
decreasing electric power consumption. 
[0040] 

FIG. 7 shows an embodiment such that the phase comparative 
circuit according to the present invention shown in FIG. 1 is 
applied to a conventional identification/timing extraction 
circuit shown in FIG. 12. By using the phase comparative 
circuit according to the present invention, the level of the 
phase comparative output does not depend on a data pattern so 
that it is stabilized. Therefore, even if the data pattern is 
largely changed, it is possible to maintain the phase 
synchronization condition stably. Alternatively, it is a 
matter of course that the constitutions shown in FIGS. 2 and 
6 can be applied in place of the constitution shown in FIG. 1. 
[0041] 

The embodiments according to the present invention has 
been explained taking a bipolar transistor circuit, however, 
it is possible to realize the same function even if the amplitude 
elements and the impedance elements of other MOS transistors 
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or the like are applied. Alternatively, as the phase 
comparative circuit shown in FIG. 1, it is possible to apply 
a phase comparative circuit by the use of an exclusive logical 
addition circuit and a differential circuit or the like which 
are generally used in many cases in addition to the constitution 
shown in FIG. 8. With respect to an operational circuit and 
a delay circuit, it is possible to apply various constitutional 
circuits . 
[0042] 

[EFFECT OF THE , INVENTION] 

As described above, according to the present invention, 
the dependency of a data pattern is cancelled by providing the 
delay circuit and comparing the phases at the first and second 
phase comparative parts, so that the present invention has an 
advantage such that it is possible to obtain a stable phase 
comparative output independently of the condition of the code 
even if the digital codes are used as two phase comparative input 
signals. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

FIG. 1 is a block diagram for showing one embodiment of 
a data signal phase comparative circuit according to the present 
invention. 
[Fig. 2] 

FIG. 2 is a circuit diagram for showing another embodiment 
of a data signal phase comparative circuit according to the 
present invention . 



[Fig. 3] 

FIG, 3 is a diagram for showing a wave form simulation 
result of the embodiment shown in FIG. 2. 
[Fig, 4] 

FIG. 4 is a diagram for showing a wave form simulation 
result of the embodiment in FIG, 2. 
[Fig. 5] 

FIG. 5 is a diagram for showing a relation between the 
phase difference of an input signal and a direct current level 
of an output signal in the embodiment shown in FIG. 2, 
[Fig. 6] 

FIG. 6 is a circuit diagram for showing further other 
embodiment according to the present invention. 
[Fig. 7] 

FIG. 7 is a diagram for showing an identification/ timing 
extraction circuit as an embodiment applying the present 
invention . 
[Fig, 8] 

FIG. 8 is a diagram for showing an example of a 
conventional phase comparative circuit. 
[Fig. 9] 

FIG. 9 is a diagram for showing a wave form simulation 
result example of the conventional phase comparative circuit 
shown in FIG. 8, 
[Fig. 10] 

FIG. 10 is a diagram for showing a wave form simulation 
result example of the conventional phase comparative circuit 
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shown in FIG- 8. 
[Fig. 11] 

FIG. 11 is a diagram for showing a relation between the 
phase difference of an input signal and a direct current level 
of an output signal in the conventional phase comparative 
circuit shown in FIG. 8. 
[Fig. 12] 

FIG. 12 is an identification/timing signal extraction 
circuit as an example such that the conventional phase 
comparative circuit is applied. 
[EXPLANATION OF REFERENCE NUMERALS] 
1 : input terminal 
2: input terminal 
3: input terminal 
4 : input terminal 
5: output terminal 
6: output terminal 

7: high electric potential power supply terminal 

8: low electric potential power supply terminal 

11: transistor 

12: transistor 

13: transistor 

14: transistor 

15: transistor 

16: transistor 

17: transistor 

18: transistor 
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21: 


resistance 


22 : 


resistance 


23: 


constant current circuit 


24: 


constant current circuit 


25: 


delay circuit 


z o : 


constant current circuxt 


27: 


capacity 


28: 


level shift circuit 


41 : 


first phase comparative part 


42 : 


second phase comparative part 
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[Document Name] 
Abstract 
[Purpose] 

To prevent a direct current level of an output wave form 
from being largely changed depending on a code pattern even if 
the phase comparative operation between the digital code 
signals each other is carried out. 
[Constitution] 

The present invention is characterized in that an input 
signal applied, to an input terminal 1 is delayed by a delay 
circuit, the phase difference between the delay signal delayed 
by this delay circuit 25 and an input signal applied to an input 
terminal 3 is compared by a first phase comparative part 41 and 
the phase difference between its output and an input signal to 
be applied to the input terminal 1 is compared by a second phase 
comparative part 42, so that a phase difference component 
depending on a data pattern, which is generated in the first 
phase comparative part 41, is cancelled in the second phase 
comparative part 42. 
[Selected Drawing] FIG. 1 
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FIG. 1 



25 
41 
42 



delay circuit 

first phase comparative part 
second phase comparative part 



FIG. 2 

28: level shift circuit 
25: delay circuit 

FIG. 3 

Voltage (V) , time (ns) 
FIG. 4 

Voltage (V) , time (ns) 
FIG. 5 

Average direct current level of phase comparative circuit 
output (V) 

Increasing of the number that the same codes are continuing 
Phase difference (degree) 

FIG. 6 

28: level shift circuit 
FIG. 7 

25: delay circuit 
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41: differential circuit 

42: phase comparative part 

51: input data signal terminal 

52: output signal terminal 

53: clock signal output terminal 

54: identification circuit 



FIG. 9 

voltage (V) , time (ns) 
FIG. 10 

voltage (V) , time (ns) 



FIG. 11 

Average direct current level of Phase comparative circuit 
output (V) 

Increasing of the number that the same codes are continuing 
Phase difference (degree) 

FIG. 12 

51 : input data signal terminal 

52 : output signal terminal 

53: clock signal output terminal 

54: identification circuit 

55: phase comparative circuit 
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